The polymorphic inversion on 17q21, sometimes called the microtubular associated protein tau (MAPT) inversion, is an~900 kb inversion found primarily in Europeans and Southwest Asians. We have identified 21 SNPs that act as markers of the inverted, i.e., H2, haplotype. The inversion is found at the highest frequencies in Southwest Asia and Southern Europe (frequencies of~30%); elsewhere in Europe, frequencies vary from < 5%, in Finns, to 28%, in Orcadians. The H2 inversion haplotype also occurs at low frequencies in Africa, Central Asia, East Asia, and the Americas, though the East Asian and Amerindian alleles may be due to recent gene flow from Europe. Molecular evolution analyses indicate that the H2 haplotype originally arose in Africa or Southwest Asia. Though the H2 inversion has many fixed differences across the~900 kb, short tandem repeat polymorphism data indicate a very recent date for the most recent common ancestor, with dates ranging from 13,600 to 108,400 years, depending on assumptions and estimation methods. This estimate range is much more recent than the 3 million year age estimated by Stefansson et al. in 2005. 1
Introduction
What was shown to be an inversion on 17q21 by Stefansson et al. had initially been shown to be an~100 kb region of complete linkage disequilibrium encompassing the microtubule-associated protein tau gene (MAPT [MIM 157140]). 1 Baker et al. named the most common haplotype H1 and the less common haplotype H2. 2 Later, Pastor et al. extended the region of known complete disequilibrium to~700 kb. 3 Stefansson et al. then showed that the H1 and H2 haplotypes showed complete disequilibrium because H2 was inverted with respect to H1, the common human reference sequence, and actually extends~900 kb. 1 The inversion encompasses a number of genes within its 900 kb extent. The MAPT gene is one of the most studied of these because of its association with neurodegenerative disorders (see below). Many of the other genes are also associated with neural function and development. Absence of recombination between the inverted and the noninverted chromosomes has resulted in two families of chromosomes: H1 chromosomes, which comprise the common human noninverted gene order, and H2 haplotype, which comprises the inverted gene order. 4 The H2 haplotype has also been associated with familial FTD by one group, though this association has yet to be replicated. 5 H2 chromosomes also seem to be susceptible to de novo deletions that lead to developmental delay and learning difficulties. [6] [7] [8] Moreover, the promoter region of MAPT in H1 chromosomes is more efficient at driving transcription than the promoter sequence on the H2 haplotype. 9 This has been shown to be particularly true with the H1c subhaplotype. 10 Most work in this region has been focused on disease susceptibility and protection associated with the H2 haplotypes; only a few studies have looked at the population genetics of the inversion. On the basis of our data, previously deposited in ALFRED, on two SNPs associated with the inversion, Stefansson et al. 1 estimated the inversion haplotype frequency to be 20% in Europeans, 6% in Africans, and < 1% in East Asians. They also used maximum-parsimony trees to suggest that the H1 and H2 lineages diverged approximately 3 million years ago, a pre-Homo sp. origin of the inversion. It would be odd (though not impossible) for a polymorphism such as this to remain polymorphic through such a long series of speciations. Finally, they used reproductive rates in Icelanders to suggest that the H2 lineage is under positive selection in Europeans. They showed that women who have at least one copy of the inversion have more children than those who do not, though the difference is less than one child per woman. They favored a balancing selection model but were unable to rule out a dominant model of selection. 1 Work has begun on the organization of this region in nonhuman primates (NHPs). Holzer et al. 11 resequenced the exons and flanking intronic regions of MAPT, as well as Saitohin (STH [MIM 607067]), a gene that is found in intron 9 of the MAPT gene in chimpanzees, gorillas, and gibbons. They also partially sequenced cynomolgus macaque (Macaca fascicularis) and green monkey (Chlorocebus sabaeus). They typed eight inversion markers in the NHPs and found that seven corresponded to the H2 allele in humans. They concluded that NHPs had the H2 version of the MAPT gene and that this agrees with the finding that NHPs seem less susceptible to tauopathies than do H1 humans. 11 More recently, Zody et al. used fluorescence in situ hybridization (FISH) to study the orientation of this region in NHPs. They found that the inversion is highly polymorphic in both Pan species as in Pongo, whereas the H2 inverted orientation is predominant in Macaca. They proposed that this region is susceptible to recurrent inversion throughout the primate lineage. They concluded that in the human lineage, an inversion event occurred on an ancestral primate H2 chromosome~2.3 million years ago. The resulting H1 orientation then rose to extremely high frequencies in humans, almost completely replacing the ancestral H2 inverted orientation. The H2 inverted orientation then rose to higher frequencies in Europe by means of selection or a founder effect. 12 Here, we present our results on the global distribution of haplotypes by using SNPs and short tandem repeat polymorphisms (STRPs). We provide a detailed description of the distributions of both the H2 family of haplotypes, including the individual haplotypes within this family, and the H1 haplotypes. We describe these haplotypes and their component SNPs in NHPs. Finally, we estimate a time period for the most recent common ancestor (MRCA) of the MAPT H2 chromosome by using STRP haplotypes. Our data and analyses argue that the H2 chromosome inversion in humans arose in Africa or Southwest Asia and may be younger than previously believed.
Material and Methods

Population Samples
We typed SNPs in 3135 individuals from a global sample of 66 populations. The populations represent the regions of Africa (13 populations), Southwest Asia (5), Europe (16) , Central Asia (9), East Asia (10), the Pacific Islands (4), North America (4), and South America (5) ( Table 1) . STRPs were typed in a subset of these population samples. We also typed 15 NHPs: three each of chimpanzee (Pan troglodytes), bonobo (Pan paniscus), gorilla (Gorilla gorilla), orangutan (Pongo pygmaeus), and gibbon (Hylobates). Moreover, we included published data on other populations in some of our analyses: those in the Human Genome Diversity Panel (HGDP), 13, 14 English, 15 Icelandic, 1 Norwegian, 16 German, 17 Serbian, 17 and Brescia Italian. 5 Smaller HGDP population samples were combined with closely related populations to form larger samples for our analyses (Table 1) . DNA samples for 57 populations were extracted from lymphoblastoid cell lines. The cell lines were established and/or maintained in the lab of Kenneth K. and Judith R. Kidd at Yale University, via common techniques described elsewhere. 18, 19 
FiberFISH
We confirmed the presence of an inverted chromosome in a single heterozygous Irish sample by using fiberFISH. DNA was obtained from a lymphoblastoid cell line during interphase. The interphase chromosomes were then probed with two bacterial artificial chromosomes (BACs) within the boundaries of the inversion (413P22 and 243L6) and with another probe that fell outside of the inversion (79O18). In noninverted chromosomes 243L6 is situated next to 79O18, and in inverted chromosomes 413P22 is situated next to 79O18.
STRPs
We typed four STRPs within the boundaries of the inversion (Table  S2 ). STRPs were identified by Tandem Repeat Finder. STRPs were typed via PCR with the use of fluorescently labeled primers (Table  S2) . Lengths of PCR products were determined on an Applied Biosystems 3100 sequencer.
Analyses
Haplotypes based on SNPs were estimated with fastPHASE; 20 haplotypes incorporating STRPs were estimated with PHASE. 21, 22 The MRCA of the inversion was estimated via the technique described by Stephens et al. 23 (Table 2) , and haplotypes including all SNPs allowed us to identify the allelic configuration on the inverted chromosomes in each population ( Figure 1 ). Of the 90 SNPs, 65 (72.2%) were polymorphic on the H1 chromosomes but monomorphic on the H2 inversion chromosomes (Table S1 ). For five of these 65 SNPs, the H2 allele was rare on the H1 chromosomes. For 21 of the 90 SNPs (23.3%), one allele was specific to the H1 chromosomes and the other was specific to the H2 inversion chromosomes. Only one of the 90 SNPs that we typed, rs1724427, is monomorphic on the H1 chromosomes and polymorphic on the H2 chromosomes. Three of the 90 SNPs (3.3%) appeared to be polymorphic on both the H1 and H2 chromosomes. Although the typing results for these three SNPs are reproducible, this may not represent true polymorphism on H2 chromosomes, because almost all evidence is based on SNP ''homozygosity'' even though there was clear H1/H2 haplotype heterozygosity. A polymorphism directly nearby that interferes with the probe or a deletion at this site on the H2 chromosome leading to effective hemizygosity could also explain the data. More studies of these instances will need to be undertaken. It should be noted that we assume that all chromosomes with the H2 haplotype are in fact in the inverted orientation. As mentioned earlier, the molecular equivalence of the inversion and the H2 haplotype was first identified by Stefansson et al. 1 They used the RB-11 BAC clone library, which they identified as being an H1/H2 heterozygote by using the dinucleotide marker DG17S142 and a 238 bp deletion that identified H2 chromosomes. Gijselinck et al., using FISH on mechanically stretched metaphase chromosomes, first visualize the inversion in H2/ H2 homozygous individuals compared to H1/H1 homozygous indivduals. 24 Zody et al. 12 used metaphase FISH to confirm the association between two known H2 marker SNPs and an actual inversion phenotype in 25 HapMap cell lines (three of the chromosomes were H2). We have used a tricolor fiberFISH method to cytogenetically confirm the inversion in a heterozygous Irish sample ( Figure 2 ). Thus, several H2-specific markers have been shown to cytogenetically identify the inversion in the different studies involving five H2 chromosomes and 47 H1 chromosomes. Unfortunately, these cases all represent Northwestern Europeans, or an individual of unknown ancestry, in the case of the RP-11 BAC. We feel confident that these results can be extrapolated throughout the rest of Europe and into Southwest Asia and North Africa; however, furthur confirmation in these regions is desirable. For the present, we are considering the H2 haplotype and the inversion to be equivalent.
Results
SNPs within the Inversion Region
The Comparable Chromosome Region in Nonhuman Primates
We also typed all 90 SNPs on 15 NHPs. Using our 21 inversion-marking SNPs, we compiled a consensus haplotype for NHPs at this region. For the most part the NHPs were monomorphic at these 21 sites (only three heterozygotes: one Gorilla and two Pongo). In general the alleles were consistent across all five species, with a few minor exceptions. The consensus haplotype has 13 SNPs with alleles identical to the H1 haplotype, seven that are identical to the H2 haplotype, and one that could not be determined (Table S2 ). The alleles do not seem to be randomly interspersed, and there are runs of H1 alleles and runs of H2 alleles. The longest H2 run occurs in the region of the MAPT gene, in agreement with the findings of Holzer et al. 11 Looking at the two Pan species, we see that both are homozygous for the H1 allele at 11 sites and that P. troglodytes is homozygous for H2 at six sites whereas P. paniscus is homozygous for H2 at five sites. The alleles at four sites in P. troglodytes and five sites in P. paniscus are unknown because we were unable to type those sites in these species. One interesting aspect of the two Pan species is that at site rs9468 P. troglodytes is homozygous for the H2 allele whereas P. paniscus is homozygous for the H1 allele. Gorilla is also homozygous for the H2 allele at this site, and we were unable to type rs9468 in the other two NHP species. Pongo differs from the rest of the NHPs at two sites (rs11079718 and rs1396862). Both sites are homozygous for the H2 allele in Pongo and homozygous for H1 in the other species that we have data on. Hylobates differs from the NHP consensus of inversion marker SNPs at one site (rs1528072), which is homozygous for the H1 allele, whereas all other NHP in this study were homozygous for the H2 allele at this site. Also in the NHP, we looked at the SNPs that are polymorphic only on H1 chromosomes and compared the results to see whether the allele in NHP was the same allele that is found on the human inversion. We were able to type some of the NHPs at 62 of the 65 sites. All but four of the 62 H1 polymorphic sites had the same genotype in all species. At two sites (rs171443 and rs2066899), Hylobates and Pongo differed from the Gorilla and Pan samples. At another site (rs2301732), Hylobates alone was different in comparison to the other four species. At the final site (rs878917), Gorilla differed from all other species. At 55 of the 62 sites, the NHP allele was the same as the H2 allele, suggesting that the inversion arose on a chromosome that was mostly ancestral but that a few mutations accumulated before the inversion occurred. Of the SNPs that are polymorphic only on human H1 chromosomes, five showed a pattern in which the allele found on H2 chromosomes was rare on the H1 chromosomes. The H2 allele was also the allele that was identified as ancestral in four out of five of these SNPs. These results support the hypothesis that the inversion initially arose on an ancient chromosome or is the ancient chromosome (Table S3) .
Inversion Distribution
On the basis of haplotypes composed of SNPs that have an inversion-specific allele in our populations as well as in 24 additional populations found in the literature 1, 5, [13] [14] [15] 17 ( Figure 3 ), we show that the inversion is primarily found in Europeans and Southwest Asians. Other studies in the literature duplicate inference on some samples with the use of different SNPs. 25, 26 It also is observed at low levels Outside of Europe and Southwest Asia, the inversion haplotype is found at low frequencies. In Africa it occurs in Mandenka (4%), Biaka Pygmies (0.7%), Mbuti Pygmies (5.1%), Chagga (1.1%), Sandawe (6.3%), Somali (2.5%), and Ethiopian Jews (1.6%); it is also seen in African Americans (4%), probably from European admixture, given that it is not seen in our Nigerian samples. The presence of the inversion haplotype in Africans can be explained in three ways: by the inversion initially arising in Africa (or having persisted in the ancestral primate orientation, as suggested by Zody et al. 12 ) and drifting to high levels in Europe; by being introduced by gene flow from Europe; or by being the ancestral haplotype to the inversion but being in the noninverted orientation. A combination of all three is also possible. However, more evidence is needed to determine whether or not the inversion originated in Africa. The presence of the inversion in the Komi Zyrianes (2.2%), Khanty (3%), Balochi (12%), Brahui (6%), Sindhi (8%), Pathan (8.7%), Burusho (6%), Kalash (10%), Mohanna (12.2%), Negroid Makrani (5.6%), Hazara (3.3%), and Keralites (3.3%) is consistent with a clinal distribution across Asia. In East Asia it is seen only at extremely low frequencies in three populations (Mongols, Taiwan Chinese, and Japanese) and could be the result of admixture or just a very low frequency in the region, making it unlikely to be seen in any sample of only about 100 chromosomes. In Amerindians, the inversion is seen in the Maya (6.4%), Quechua (6.5%), and Rondonian Surui (1.1%). Again, this is probably the result of European admixture, especially in our samples of Maya and Quechua, in which many other loci also indicate small amounts of historic (not recent) European admixture.
Inversion Origin
To better understand the origin of the inversion, we determined on which H1 background it initially arose. We Asia, Europe, Central Asia, the Pacific, East Asia, North America, and South America. As we see, the H2 haplotype is found most predominantly in Southwest Asia, Europe, and Central Asia. All four Mbuti inversion chromosomes have the H1 allele at site rs9468, and two have the H1 allele at rs2049515. In rs9468, the H1 allele is found in P. paniscus but the H2 allele is found in P. troglodytes and G. gorilla. In rs2049515, the H1 allele is found in all of our NHPs. studied 11-SNP haplotypes that contained three inversion marker SNPs and eight SNPs that are polymorphic only on H1 chromosomes (Figure 4) . We chose the eight SNPs because they showed the greatest difference in allele frequency between Africa and Southwest Asia, the two most likely regions in which the inversion may have arisen given its distribution. We identified an H1 haplotype (blue stripes) that differs from the H2 haplotype (red stripes) only at the inversion marker sites and is therefore the likely haplotype on which the inversion initially arose. This haplotype is found throughout the world at an average frequency of 7.8%. It is most frequent in Africa ranging from 6.9% in the Mbuti Pygmies to 25% in the Biaka Pygmies with an average frequency of 14.8%. It is much less frequent in Southwest Asia, ranging from 4.8%-9.2% with an average frequency of 6.5%. These data support an African origin of the inversion, but are not sufficient to rule out a Southwest Asian origin.
Most Recent Common Ancestor of the Inversion
We used four STRPs that fall within the inversion region (Table 3) to estimate the date of the MRCA of the inversion.
Haplotype frequencies were estimated with the use of the four STRPs and six of the inversion-marking SNPs, for a total of 3968 total chromosomes. There were 3657 H1 chromosomes and 311 H2 chromosomes. There were 360 different H1 haplotypes and 47 H2 haplotypes, for a total of 407 different haplotypes. Of the 47 H2 haplotypes, we found that there are two possible ancestral haplotypes: the most common haplotype and another haplotype that accounts for most of the African inversion chromosomes. The two possible ancestral haplotypes have a onerepeat difference at one STRP. Both STRP alleles can also be found on H1 chromosomes. The most common H2 haplotype of the 311 inversion chromosomes was found at a frequency of 0.519. On the other hand, the most common haplotype in Africa accounts for six out of seven of the non-African-American African H2 chromosomes. It also accounts for 23.7% of the Southwest Asian H2 chromosomes. To calculate the number of generations to the MCRA, we estimated the STR mutation rate to fall in the range of 0.0005-0.001 and, given that the STRPs fall within the inversion, we set the recombination rate at 0. If we assume that the most common haplotype is the ancestral This recent date for the MRCA is also supported by our SNP data. Of the 90 SNPs typed, only four were variable on the H2 chromosomes, whereas 68 of the 90 are variable on the H1 chromosomes. This lack of polymorphism on the H2 chromosomes in comparison to H1 chromosomes would suggest that the H2 inversion is younger than the H1 orientation.
Discussion
Global Distribution of Inversion
We show that the 17q21 inversion, often thought to be found at levels of~20% throughout Europe, actually shows a great range of frequencies within Europe (~5%-37.5%). The H2 haplotype identifies the inversion and shows that the inversion is most frequent around the Mediterranean and decreases outward in all directions (Figure 2) . The H2 haplotype is found at its highest African frequency in the Mozabite of North Africa, at low levels in Northwest Africa, Central Africa, and Eastern Africa, and is absent in West Africa, except in the Mandenka. In Central Asia, we see very low (< 5%) frequencies in Northern regions and The frequencies of haplotypes composed of eight H1 polymorphic SNPs that display a difference in frequency between Africa and Southwest Asia and three inversion marking SNPs. The inversion (red stripes) is most similar to the blue-striped haplotype (different only at the three inversion-marking sites). The blue-striped haplotype is more common in Africa than in Southwest Asia. The three inversionmarking SNPs are rs11079718, rs1396862, and rs1078830, with alleles marked in red for the inversion. The eight other SNPs, in order, are: rs242924, rs242940, rs171440, rs173365, rs171443, rs4616318, rs962885, and rs242933. in India, with the exception of the Kachari. In Pakistan, we see frequencies similar to those in Northern and Eastern Europe. The inversion is practically absent in East Asia and the Pacific (three chromosomes total, one each in Chinese from Taiwan, Mongolians, and Japanese). In Amerindians, the H2 haplotype is seen predominantly in the Maya and the Quechua, two population samples in which we have evidence of European admixture. A caveat is that we are inferring the inversion from haplotypes and not actually detecting the inversion directly through cytogenetics. Given the distinct allelic-haplotype pattern for the H2 haplotype, the restricted STRP alleles, and the cytogenetic validation in four studies-Steffanson et al., 1 Gijselinck et al. 24 Zody et al., 12 and ours-this seems justified.
It should be noted that related pairs occur in the HGDP sample but the inclusion of related individuals does not bias allele-frequency estimates. The likely related sets as estimated by Rosenberg in 2006 have been checked, and their genotypes are summarized in Table S5 . 28 
Inversion Origin
Zody et al. proposed a model suggesting that the H2 orientation is the ancestral orientation by using FISH to determine orientation in NHPs. 12 We attempted to confirm whether the H1 or the H2 haplotype was ancestral by using SNPs in 15 NHPs. Using our 21 inversion-marker SNPs, we see both runs (contiguous intervals) of H2 alleles and runs of H1 alleles. The longest run of H2 covers the MAPT gene.
We also looked at the 65 SNPs that are only polymorphic on the H1 chromosome in humans. Most of the NHP alleles matched the allele found on the H2 chromosomes. Some of the SNPs showed different alleles across the different species, including differences between the two Pan species (see Supplemental Data). These results are inconclusive in determining the ancestral orientation of this region; however, the results with the 65 H1 polymorphic SNPs on H2 chromosomes suggest that the H2 inversion is on an ancient haplotype. This confirms the caveat mentioned by Iyengar et al. that using NHP genotypes to determine the ancestral alleles for Homo sapiens may not always be an effective method. 29 Given the global distribution described here combined with the data of Zody et al., we propose a model in which the H2 orientation is the NHP ancestral orientation; however, the H1 orientation is ancestral in humans. Under this theory, sometime after the divergence of Pan and Homo the region inverted to the H1 orientation in the Homo line. The H1 then rose to fixation. Then, in modern humans the inversion occurred once again, leading to the H2 chromosomes found in humans. Zody et al. showed that the region is susceptible to inversion, so it is not impossible to imagine an inversion occurring twice on the Homo line, and this model may also explain the difference in the structure between the H2-oriented chromosomes in Homo and Pan (the duplication region flanking the human H2 is 331.5 kb larger than the nonhuman primate H2, whereas the human H1 duplication region is only 59.5 kb larger than the nonhuman primate H2). 12 Completion of the Neanderthal genome may be able to supply more evidence with respect to these models.
Our data can support an African or Southwest Asian origin for the inversion. In the African scenario, the inversion event occurred in Africa (likely an East or Central African population). It then crossed into Southwest Asia, where it rose to high frequencies either by genetic drift or by positive selection, and it then entered Europe, where it exists at low to moderate levels. This scenario is supported by the presence of an African-specific haplotype of SNPs polymorphic on the inversion background that is identical to the most common H1 haplotype (Figure 3 ). We also looked at which H1-only polymorphic SNP haplotype background is most similar to the H2 inversion haplotype. The background haplotype matching the inversion is more common in Africa compared to Southwest Asia. This result adds support to an African origin (Figure 4 and Figure S1 ). The other scenario, a Southwest Asian origin, argues that the inversion occurred in Southwest Asia, where it rose to moderately high frequencies, then entered Europe. Under this scenario, the presence of the H2 haplotype in Africa could be explained in either or both of two ways. The first is via gene flow back into Africa. The second is that the H2 haplotype chromosomes in Africa are actually in the H1 noninverted orientation. Cytogenetic determination in African chromosomes would be needed to test for this possibility. Under either scenario, the occurrence of the inversion in Europe is probably due to the Neolithic inversion.
A third theory has been posited for the origin of the inversion. Hardy et al. suggested that the H2 orientation may have been introduced to humans by Neanderthal. 30 This model would fit with a Southwest Asian model of origination, because some of the highest frequencies of the inversions are found in Israel and Neanderthal fossils have been found in Israel. Though we think that this scenario is unlikely, more evidence is needed with respect to Neanderthal's genetic contribution to modern humans before any strong conclusion can be made. Once again, this scenario can best be addressed once the Neanderthal genome is completed.
Selection or Neutral Evolution?
Stefansson et al. proposed that high frequencies of the inversion in Europe are due to positive or balancing selection. 1 Their analyses are limited to the Icelandic populations and are based on the fertility rate of women with at least one copy of the H2 chromosome compared to those without. Though the frequency of the H2 chromosome is high in Iceland, it is much higher in Southern Europe and Southwest Asia. It would be important to test these regions for selection in a similar manner to confirm the Icelandic result. Though we cannot rule out selection occurring at this locus, the cline that we present here can just as easily be explained by a demographic event that occurred during the Neolithic expansion out of Southwest Asia into Europe without invoking natural selection. 31 Under this neutral model, the inversion initially arose in Africa or Southwest Asia. It then rose to high levels in the Mediterranean region of Southwest Asia. From there, it entered Southern Europe. From Southern Europe, the frequencies lessened as migration carried the inversion throughout the rest of Europe. The absence of the inversion in East Asia can be explained by the founder event(s) that eliminated alleles at multiple loci in the eastward expansion of modern humans from Southwest Asia. Alternatively, the origin in Southwest Asia could have occurred after this expansion.
Most Recent Common Ancestor
We estimated the MRCA of the extant inversion haplotypes to be 16,400-32,800 or 54,200-108,400 years, depending on where the inversion arose. If this estimate is correct, it contrasts sharply with the age estimates of Stefansson et al., Cruts et al., and Zody et al. of 3 million years, 3 million years, and 2.3 million years, respectively. 1, 12, 32 The difference reflects the approaches and methods used. Stefansson et al. used SNPs and a maximum-parsimony tree, which estimates the age of the divergence of the DNA sequence of the H2 haplotype from that of H1 haplotypes. Zody et al. used a similar method. 1, 12 Our method, in contrast, estimates the MRCA of the extant inversion haplotypes. Both estimates can be correct. As seen by our analysis of the NHP alleles, the inversion probably arose on an ancient haplotype, which fits the Stefansson and Zody data. 1, 12 However, the restricted global distribution of the inversion and restricted STRP and SNP variation on the inversion support a more recent origin in Africa or Southwest Asia. These data support our dates for the MRCA. As stated above, we believe that it is possible that the H2 haplotype and order may be the ancestral orientation of the primate lineage as a whole, but that H1 is the ancestral allele in Homo sp., given the evidence of recurrence and the difference in structure of the human H2 inversion. 12 Our data combined with that of Stefansson et al. and Zody et al. suggest that the inversion event occurred recently; however, the haplotype that it arose on was quite ancient.
1,12
Conclusions
We have shown here that the 17q21 inversion is found at its highest frequencies in the Mediterranean region in Southern Europe, Southwest Asia, and North Africa. We have also shown that the MRCA of the inversion is much younger than the estimated date of divergence for the H1 and H2 haplotypes. Though we cannot rule out selection acting at the region, we think that both the restricted global distribution and the recent MRCA fit with a neutral model coinciding with an origin in Africa or Southwest Asia followed by demographic events occurring during the migration out of Africa into Southwest Asia and/or the Neolithic expansion out of Southwest Asia into Europe.
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